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Hydrogen Management System For A Zinc Regenerative Fuel Cell 
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Ripnor?: 



(Hease wiic as fail tS a dexripuon ot poaibU. expand bhek as naded) 

A zinc fuel cell contains zinc particles in contact with potassium hydroxide electrolyte and because of a 
coiTOslon reaction between the ^nc and water, hydrogen is always evolved. For pure zinc the corrosion rate 
is quite slow even at 65 C 0.5 ml/g/h and even less in some zinc metal alloys. However the Metallic Power 
fuel cell contains up to 40 kg of zinc in constant contact with KOH so that over time the total amount of 
hydrogen produced can lead to a significant loss of water. Loss of water will eventually leducxd the amount 
of energy the fuel cell can produce, and hydrogen accumulation in the fuel ceU or in cabinet housing the 
fuel cell could increase the risk of explosion. For these two reasons the Metallic Power Regenerative Zinc 
Fuel CeU (RZFC) incorporates a hydrogen management system whose function is to convert as much 
hydrogen as possible back to water inside the fuel cell, and to remove any hydrogen which is not converted 
to water from the fuel cell and its housing. 

Method Of operation 

Hydrogen produced by the reaction of zinc and water in the cell stack is transported by the flowing 
electrolyte to the fuel and electrolyte tank where it accumulates in the head space. Hydrogen produced by 
the reaction of zinc and water in the fuel and electrolyte tank accumulates in the head space. 
The only outlet for gasses from the head space is through a hydrogen recombination catalyst where the 
hydrogen reacts with oxygen to fomi water. Oxygen can be provided from several sources. One source is 
by naniral diffusion of oxygen from the atmosphere into the catalyst. Another source can be provided by 
pumping air into the fuel and electrolyte tank head space. The pump could be programmed to provide 
oxygen in slight excess of the known rate of hydrogen evolution at any given temperature. Alternatively the 
air supply pump could be programmed to operate continuously during the discharge and higher electrolyte 
temperature phase of operation, and periodically or at a lower rate during standby and lower temperature 
mode of operation, but at a rate known to provide a slight excess of oxygen. Another approach to 
controlling the pump could be to operate the air feed rate so as to maintain the highest temperature in the 
recombination catalyst (the recombination of hydrogen and oxygen is exothermic). 

Anodier source of oxygen for recombination with hydrogen is from the zinc regeneration uniL The 
regeneration unit produces zinc pellets by electroreduction of potassium zincate on the cathode and oxygen 
is produced at the anode. During standby periods the zinc regeneration unit could be powered by electricity 
from the grid, the amount of oxygen produced can be controlled by the electric current The required 
current could be calculated from the known corrosion rate at a given temperature, or could be adjusted to 
result in the maximum temperamre for the recombination catalyst. During periods of nomnal fuel cell 
operation the regeneration unit would be powered by electricity generated by the fuel cell. 

Any hydrogen which passed through the recombination catalyst can be expelled into the atmosphere 
external to die fuel cell housing. It could also be combined with the fuel cell exhaust air and expelled iiuo 
die atmosphere external to the fuel cell housing. 

The regeneration unit primarily produces zinc pellets and oxygen, however a small amount of hydrogen is 
also liberated on the cathode, this amounts to less than 1% of the total current. Any hydrogen produced 
during regeneration of zinc will be recombined with the oxygen on the recombination catalyst. Also oxygen 
produced during regeneration could be collected and stored for further use in hydrogen recombination 
during period of standby and normal ftiel cell discharge. 
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1) A hydrogen management system for a meta]<gas fiiel cell comprising an apparatus for combining the 
hydrogen with oxygen from one or more of the following sources: ambient air, an oxygen storage 
compartment, a metal electrolyzer. 
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